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ABSTRACT
We report on the detection of a small contribution (around and below 1% in mass)
from young stellar components with ages 620Myr in low-mass galaxies purposely se-
lected from the MaNGA survey to be already-quenched systems. Among the sample of
28 galaxies, eight of them show signatures of having suffered a very recent burst of star
formation. The detection has been done through the analysis of line-strength indices in
the red spectral range [5700,8800] A˚. The increasing contribution of red supergiants to
this red regime is responsible for a deviation of the index measurements with respect
to their position within the model grids in the standard spectral range [3600,5700] A˚.
We demonstrate that a combination of red indices, as well as a qualitative assess-
ment of the mean luminosity-weighted underlying stellar population, is required in
order to distinguish between a true superyoung population and other possible causes
of this deviation, such as abundance ratio variations. Our result implies that many
presumably quenched low-mass galaxies actually contain gas that is triggering some
level of star formation. They have, therefore, either accreted external gas, internally
recycled enough gas from stellar evolution to trigger new star formation, or they kept
a gas reservoir after the harassment or stripping process that quenched them in first
place. Internal processes are favoured since we find no particular trends between our
non-quenched galaxies and their environment, although more work is needed to fully
discard an external influence.
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1 INTRODUCTION
The absorption lines in the spectrum of a galaxy contain
information about its stellar populations. Measurements
of such lines, the so-called line-strength indices, have been
widely used in the literature to analyse the mean age,
metallicity, and relative abundance of chemical elements
of stars in galaxies (e.g. Trager et al. 1998; Spolaor et al.
2010; de Lorenzo-Ca´ceres et al. 2013) and, particularly, in
low-mass objects (e.g. Gorgas et al. 1997; Michielsen et al.
2003; S¸en et al. 2018; Sybilska et al. 2018). This is done
by comparison with predictions from synthesis models of
single-age, single-metallicity stellar populations (SSP), such
as those from Bruzual & Charlot (2003) and Vazdekis et al.
(2010). The analysis of line-strength indices constituted
a milestone for the study of stellar content in galaxies,
⋆ E-mail: adrianadelorenzocaceres@gmail.com
which nowadays has been complemented by full spectrum
fitting techniques that also make use of SSP models as
fitting templates. As examples, see de la Rosa et al. (2016),
Sa´nchez et al. (2018), de Lorenzo-Ca´ceres et al. (2012)
and de Lorenzo-Ca´ceres et al. (2019) for the application of
different full spectrum fitting codes to observed galaxies,
namely STARLIGHT (Cid Fernandes et al. 2005), Pipe3D
(Sa´nchez et al. 2016), ULySS (Koleva et al. 2009) and
STECMAP (Ocvirk et al. 2006), respectively.
Due to the large amount of data available, the behaviour
of stellar populations studied through line-strength indices
in the optical spectral range is well known: massive ellip-
ticals show old age (∼12Gyr for redshift z =0), solar or
larger metallicity, and enhanced [Mg/Fe] and [Na/Fe] val-
ues up to 0.5 dex (e.g. Kuntschner 2000; La Barbera et al.
2013, 2017). Indeed, a correlation between stellar population
parameters and galaxy mass is found for all massive galax-
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ies, with a moderate dependance on the environment (e.g.
Carretero et al. 2004, 2007; Onodera et al. 2015). Note how-
ever that very small fractions (below 1% in mass) of young
stars have recently been detected in red massive galaxies at
0.35<z<0.6, thus suggesting that star formation is not com-
pletely halted in such old systems (Salvador-Rusin˜ol et al.
2020).
The age-mass correlation holds in the low-mass regime
(Koleva et al. 2011): in general, dwarfs are found to be
younger and less metal-rich than their massive counter-
parts (see Held & Mould 1994; Rakos et al. 2001, among
others). These results are indicative of the downsizing sce-
nario, meaning that low-mass galaxies have more extended
star formation histories than massive ellipticals, as further
supported by their [α/Fe] values around solar (Gorgas et al.
1997; Michielsen et al. 2007). Numerical simulations also ob-
tain similar results, at least for the most massive dwarfs with
M∼109M⊙ (Garrison-Kimmel et al. 2019).
The role of the environment in regulating star forma-
tion in low-mass galaxies is controversial: whereas it seems
reasonable that star formation in cluster dwarfs is halted
through very efficient ram-pressure stripping when entering
high-density environments, robust observational evidence
of such quenching has not been found yet. For example,
Michielsen et al. (2008) analysed a sample of 18 dwarfs in
the Virgo cluster, finding that galaxies close to the cluster
core are older than those at higher Virgocentric distances.
On the contrary, Koleva et al. (2009) did not find any signif-
icant connection between the environment and star forma-
tion histories of dwarfs in the Fornax cluster and in groups.
More recently, S¸en et al. (2018) analysed a sample of 37
dwarf ellipticals in the Virgo cluster, for which an age range
between 1Gyr and 10Gyr and a metallicity range [Fe/H]ǫ[-
1.,0.] dex were measured. These authors also explored the
abundance ratios, finding that [Mg/Fe] acquires close to so-
lar values as expected, whereas [Na/Fe] is clearly underabun-
dant with respect to the solar neighbourhood. In the context
of the hELENa project, Sybilska et al. (2017, 2018) studied
the stellar content of 20 dwarf ellipticals in different environ-
ments (17 targets in various regions of the Virgo cluster, the
remaining 3 galaxies in the field), finding consistent results
with those presented in S¸en et al. (2018). While metallicity
and α-enhancement do not vary with galaxy environment,
dwarf ellipticals appear to be younger when they live in low-
density regions, in agreement with Michielsen et al. (2008).
Sybilska et al. (2017, 2018) concluded that low-mass objects
come from late-type analogous whose gas was stripped dur-
ing their trip towards dense environments.
In summary, the evolution of dwarfs and its dependence
on the environment still pose a complicated picture, and
the downsizing connection between massive ellipticals
and dwarfs remains under debate. Caution is required
when comparing galaxies through their mean stellar
populations. Rys´ et al. (2015) showed that some dwarf
ellipticals host young stars whose contribution alters the
mean luminosity-weighted age of an otherwise old system.
Whether allegedly quenched dwarf galaxies may be going
through some star formation process, in an analogous way
as massive early-type galaxies do (see recent results by
Salvador-Rusin˜ol et al. 2020, using the predictions from
Vazdekis et al. 2016 for the UV spectral range), is therefore
a fundamental question that we address in this paper.
Observationally, the measurements of line-strengh
indices for SSPs with ages older than 1Gyr are
well behaved. For example, the HβO index defined
by Cervantes & Vazdekis (2009) acquires decreasing
values from ∼6 A˚ to ∼2 A˚ in that age range, HδF
(Worthey & Ottaviani 1997) spans from ∼4 A˚ to ∼0 A˚, and
[MgFe]′ (Thomas et al. 2003) increases from ∼1 A˚ to ∼3 A˚.
Such well-behaved trend is however lost when younger
stellar populations are considered: the Balmer age-sensitive
indices show a turn-off point peaking at approximately
300Myr (Frogel et al. 1990), with their values decaying
again for even younger SSPs. Regarding the metallicity-
sensitive indices, they continue their monotonically decrease
as in the old regime until 20Myr-old SSPs are reached. The
contribution from supergiant stars is then maximum, when
the red supergiants (RSGs) are particularly influential.
RSGs indeed make some metallicity-sensitive species,
such as Ca or TiO, show a local (even absolute in some
cases) peak at ∼10Myr (Asa’d et al. 2017). The redder
the spectral range, the larger the effect of RSGs on the
absorption lines and the more prominent the peak.
In this work, we take advantage of the noticeable non-
linearity of the behaviour of absorption line-strength indices
in the red wavelength range. We report the detection of a
small (61% in mass) contribution from stars younger than
20Myr in eight low-mass galaxies from the MaNGA sur-
vey previously identified as quenched systems. The selection
of the total sample of 28 low-mass galaxies is described in
Sec. 2. The measurement of the absorption line-strength in-
dices and their behaviour, including some analyses aiming
at constraining the properties of the young component as
much as possible, are explained in Sec. 3 and 4. The capa-
bilities and caveats of the use of the red wavelength regime
for detecting such young populations, which we refer to as
“superyoung”, are discussed in Sec. 5, where we also discuss
the implications of our findings for the evolution of low-mass
galaxies.
2 LOW-MASS GALAXIES FROM THE
MANGA SURVEY
The low-mass galaxies under study here belong to the sam-
ple of 39 objects that Penny et al. (2016) withdrew from
the MaNGA multi-object integral-field spectroscopic sur-
vey (Bundy et al. 2015; Wake et al. 2017), observed with
the Baryon Oscillation Spectroscopic Survey spectrograph
(BOSS; Smee et al. 2013). MaNGA has been conceived
as part of the Sloan Digital Sky Survey (SDSS)-IV main
project with the goal of observing ∼10 000 galaxies with
masses higher than 5×108M⊙ (Blanton et al. 2017). BOSS
provides spectra covering [3600, 10 300] A˚ with a resolu-
tion of σ ∼77 kms−1 (mean value, as the actual resolu-
tion is variable with wavelength), a spectral sampling of
∆(log λ) = 10−4, and a spatial sampling of 0.5 arcsec per
spaxel after data reduction.
Penny et al. (2016) selected galaxies with magnitudes
Mr >-19 and masses ranging from 1×10
9M⊙ to 5×10
9M⊙.
They purposely picked up quenched galaxies, as assessed
c© 2002 RAS, MNRAS 000, 1–12
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Table 1. Properties of the final sample of 28 low-mass galaxies: MaNGA identification number; stellar mass and redshift as included in
the NASA Sloan Atlas catalog (www.nsatlas.org); number of spaxels used in the stacking (see text in Sec. 3); SNR (calculated in the red
continuum of Hβ) of the final stacked spectrum for each galaxy; and median of the emission flux in Hα in the same spaxels used for the
stacking, as calculated through a Gaussian fitting with the MaNGA Data Analysis Pipeline (Westfall et al. 2019; Belfiore et al. 2019).
The error value corresponds to the standard deviation of the Hα flux in the same spaxels. The stellar masses shown here have been
calculated by using the elliptical Petrosian fluxes and a flat cosmology with Ωm =0.3, ΩΛ =0.7, and H0 =100 km s
−1Mpc−1. Galaxies
with detected 6 20Myr stellar contributions are highlighted in bold face.
MaNGA ID Stellar mass Redshift # spaxels SNR Flux(Hα)
(M⊙) erg/s/cm2/spaxel
1-217044 2.53×109 0.027 45 36.2 0.045 ± 0.045
1-92638 2.66×109 0.038 69 37.1 0.082 ± 0.088
1-38157 2.72×109 0.038 38 30.4 0.074 ± 0.140
1-256457 2.90×109 0.037 81 36.9 0.175 ± 0.086
1-211098 2.93×109 0.028 32 27.7 0.070 ± 0.198
1-256125 3.09×109 0.038 94 38.0 0.154 ± 0.198
12-49536 3.23×109 0.019 34 56.9 0.045 ± 0.065
1-255220 3.54×109 0.022 300 49.4 0.143 ± 0.184
1-258746 1.17×109 0.024 38 33.5 0.079 ± 0.080
1-277462 1.29×109 0.022 40 55.4 0.116 ± 0.140
1-519705 1.75×109 0.028 96 25.0 0.150 ± 0.575
1-252147 2.51×109 0.018 249 39.5 0.130 ± 0.330
1-94958 2.52×109 0.034 96 50.5 0.098 ± 0.292
1-38319 2.70×109 0.038 93 29.4 0.058 ± 0.112
1-113520 2.76×109 0.017 294 53.4 0.244 ± 0.333
1-133948 2.77×109 0.019 42 52.3 0.085 ± 0.166
1-43679 2.94×109 0.029 179 32.5 0.038 ± 0.050
1-277159 3.31×109 0.025 99 43.2 0.040 ± 0.061
1-209113 3.48×109 0.038 82 32.2 0.097 ± 1.273
1-322087 3.62×109 0.039 109 28.7 0.054 ± 0.232
1-211044 3.72×109 0.028 103 37.7 0.113 ± 0.474
1-567184 4.02×109 0.025 180 40.9 0.082 ± 0.095
1-115062 4.17×109 0.026 225 31.2 0.162 ± 0.266
12-110746 4.30×109 0.029 160 30.2 0.114 ± 1.111
1-634477 4.35×109 0.023 247 47.0 0.062 ± 0.134
1-322680 4.56×109 0.037 143 30.7 0.075 ± 3.369
1-211019 4.88×109 0.030 212 32.2 0.125 ± 0.852
1-629695 5.17×109 0.028 280 52.8 0.181 ± 0.185
through two tracers of current star formation, namely weak
Hα equivalent widths in emission (EWHα <2 A˚) and red
colours (u−r)>1.9. The subtle star formation bursts we aim
at detecting have a larger effect on low-mass galaxies than
on massive galaxies, where they are absolutely negligible
due to the little relative contribution of light from these
young bursts with respect to the total galaxy light (see
notwithstanding Salvador-Rusin˜ol et al. 2020). Quenched
galaxies are also required for carrying out this project,
since they populate the oldest regions of the absorption
line-strength index-index diagrams (Geha et al. 2012).
This fact maximises the contrast between the superyoung
contribution and the underlying stellar population, and
makes deviations towards younger regions of the diagrams
noticeable. Moreover, the contribution of recent starbursts
to an extended star formation history gets diluted, whereas
their effect over an old single-burst-like spectrum should be
easier to detect even in the case of very small mass fractions
(see Vazdekis et al. 2016).
The data reduction of the MaNGA spectra is per-
formed with a dedicated pipeline presented in Law et al.
(2016). Some data analysis is also provided by the
MaNGA collaboration following the procedure presented
in Westfall et al. (2019); Belfiore et al. (2019). This in-
cludes measurement of the stellar kinematics, emission
lines, and various line-strength spectral indices. In par-
ticular, the stellar kinematics is fitted by applying
the pPXF code (Cappellari & Emsellem 2004) in combi-
nation with the MILES empirical stellar library from
Sa´nchez-Bla´zquez et al. (2006, see also Falco´n-Barroso et al.
2011). In this work we have made use of the pure stellar
spectra (i.e. after removal of the weak emission lines) and
stellar kinematics provided by the MPL-5 data release of the
analysed MaNGA spectra. Note that due to the quenched
nature of our sample galaxies, little if not negligible ionised
gas content is present.
Our analysis, explained in Sec. 3, includes an initial
stacking process to increase the signal-to-noise (SNR) of
each galaxy spectrum. From the original sample of 39
galaxies, only individuals with more than 30 spaxels with
SNR>10 and flagged as with no problems during the
reduction and stellar kinematic analysis are considered
(see more details about these processes in Sec. 3). After
this refinement, our final sample comprises 28 low-mass
galaxies, whose main properties (MaNGA identification
number, redshift, and mass) are shown in Table 1, together
with the SNR in the red continuum of Hβ of the final
c© 2002 RAS, MNRAS 000, 1–12
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Figure 1. Standard indices in the optical range. The vertical axes show age-sensitive indices: Hβo and HδF. The horizontal axes show
metallicity-sensitive indices; from left to right: [MgFe]′, Ca4227, Fe4383, and Mgb. For the sake of clarity, the full dynamical range for
the age-sensitivy indices is shown against [MgFe]′, whereas we perform a zoom around the bottom regions of interest for the remaining
diagrams. The grids correspond to predictions from the E-MILES models at LIS-14 A˚, with ages from 6Myr to 14Gyr (colour-coded
as indicated by the legend) and metallicity [M/H]=-0.4 and [M/H]=0.0 (light and dark grey lines, respectively). The circles track the
behaviour for a combination of: i) a single stellar population model with solar metallicity and age of 10Gyr (light colours) and 3Gyr
(dark colours); and ii) a 0.01%-0.1%-1%-10% varying mass fraction (increasing as the increasing size of the circles) of a young component
with age 6Myr (pink) and 10Myr (green). Only superyoung mass fractions significantly larger than 0.1% (1% for 10Myr-old superyoung
populations) cause a noticeable effect on these index-index measurements.
Figure 2. Same as Fig. 1 but for redder metallicity-sensitive indices: TiO1, Ca6162, Fe6189, TiO2, and Ca2 (from left to right). Note
that the 10Myr SSP prediction lays below the dark green tracking line. While the SSP model grids do not allow to constrain the age
and metallicity of an old population, superyoung mass fractions even below 1% shift the measurements out of the SSP predictions and
in opposite directions depending on their age.
stacked spectrum and the number of spaxels involved in the
stacking. Mass and redshift are retrieved from the NASA
Sloan Atlas catalog1 and the stellar masses in particular
have been calculated by using the elliptical Petrosian
fluxes and a flat cosmology with Ωm =0.3, ΩΛ =0.7, and
1 www.nsatlas.org
H0 =100 kms
−1Mpc−1.
3 ANALYSIS AND MEASUREMENT OF
LINE-STRENGTH INDICES
In order to maximise the signal-to-noise and the likelihood
of detecting very recent bursts which might have happened
c© 2002 RAS, MNRAS 000, 1–12
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Figure 3. Line-strength indices and E-MILES model predictions as in Fig. 1. Measurements for the low-mass galaxies are plotted with
pale pink circles; green-coloured circles correspond to the eight out of 28 galaxies for which a recent burst of star formation is detected, the
yellow circle being the galaxy used for explanations in Sec. 4.2 (see text for details). The MaNGA identification numbers of the selected
galaxies are indicated in the HδF vs. [MgFe]
′ panel. Mean error bars are shown in the top right corner of each panel (in magenta).
Figure 4. Line-strength indices and E-MILES model predictions as in Fig. 2. Measurements for the low-mass galaxies are plotted with
pale pink circles; green-coloured circles correspond to the eight out of 28 galaxies for which a recent burst of star formation is detected
since they are shifted in all panels in a way consistent with hosting a slight fraction of a superyoung stellar population. The yellow circle
corresponds to the galaxy used for explanations in Sec. 4.2 (see text for details). Mean error bars are shown in the top right corner of
each panel (in magenta).
anywhere in the galaxy, our analysis starts by stacking all
galaxy spectra within the MaNGA integra-field unit. The
low-mass galaxies have been observed with the 19-fibres
bundle from which we select the spectra with SNR>10 and
flagged as with no problems during the reduction process. A
good quality measurement of the stellar velocity and velocity
dispersion is also required and assessed through the corre-
sponding flags in the MPL-5 analysis. The measurement of
the stellar velocity dispersion is particularly restrictive. By
selecting only those spectra of the highest quality we some-
times end up with few elements for the stacking. Due to this,
we only keep galaxies with more than 30 spectra suitable
for the stacking in the final sample selection, as explained
in Sec. 2.
Before stacking, all spectra are (i) shifted to a common
velocity selected as the systemic velocity of the galaxy.
We note that each spectrum is shifted a whole number
of spectral elements (∆(log λ) = 10−4) to prevent biases
due to interpolation. Such strategy is further supported by
the fact that the uncertainty corresponds to 61% of the
galaxy redshift; (ii) normalised to the same flux intensity in
the red continuum of Hβ, i.e., [4870, 5000] A˚. This means
that the outer galaxy regions are considered at the same
level that the brightest, central parts; and (iii) degraded to
c© 2002 RAS, MNRAS 000, 1–12
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a common and constant-with-λ velocity dispersion corre-
sponding to a full-width-at-half-maximum FWHM=14 A˚.
Such step is done in order to work in the LIS-14.0 A˚ system
defined by Vazdekis et al. (2010), for which predictions
of the line-strength indices measured on the single stellar
population models based on the MILES spectral library
(Sa´nchez-Bla´zquez et al. 2006; Falco´n-Barroso et al. 2011)
are provided.
Line-strength indices are measured over the stacked
spectra for the 28 low-mass galaxies under study. As age-
sensitive indicators, we use the Hβo and HδF indices defined
by Cervantes & Vazdekis (2009) and Worthey & Ottaviani
(1997), respectively. Among the metallicity-sensitive in-
dicators, we refer to Ca4227, Fe4383 (both redefined
in Trager et al. 1998), Mgb (Worthey et al. 1994), and
[MgFe]′ (Thomas et al. 2003) as standard indices. We
call red metallicity-sensitive indices those that belong
to the spectral range between 5700 A˚ and 8800 A˚. In
particular, we use TiO1, TiO2 (Gregg 1994; Trager et al.
1998), Ca6162, Fe6189, and the Ca2 index which maps
the central line of the Calcium Triplet (Cenarro et al. 2001).
Galaxy indices are compared with the same mea-
surements over the MILES-based synthesis stellar popu-
lation models of Vazdekis et al. (2016). They represent a
wavelength-extended version (E-MILES) of the base mod-
els of Vazdekis et al. (2010), which are mostly solar scaled
at solar metallicity. The E-MILES models cover the whole
spectral range from 1680 A˚ to 50 000 A˚ with a wavelength-
dependent resolution which acquires the constant value of
FWHM=2.51 A˚ in the spectral range we are interested in,
i.e., from 3600 A˚ to 8800 A˚.
The E-MILES single stellar population models (SSPs)
cover a range of metallicity from -1.79 to +0.26 and ages
older than 63Myr. We have complemented them with the
analogous superyoung models2 spanning down to 6Myr
(see details in Asa’d et al. 2017). The SSPs used in this
work have been computed by means of the isochrones from
Girardi et al. (2000, E-MILES) and Bertelli et al. (1994, su-
peryoung MILES), and assuming the universal initial mass
function of Kroupa (2001). Figures 1 and 2 show the model
grids including predictions for index values in the standard
and red regimes, respectively. Note the discontinuity ob-
served for the SSP predictions between the E-MILES and
MILES superyoung models: there is a break in the metallic-
ity lines of the grids at 60Myr that is larger for solar metal-
licity than for [M/H]=-0.4, and for the red indices than for
the standard indices. Such discontinuity is due to a mild
mismatch between the isochrones that mainly affects those
indices with large variations for ages <30Myr. Differences
are nevertheless low and they do not affect the results ob-
tained in this work.
2 Models available at miles.iac.es
3.1 Observing the effect of a superyoung
contribution over an old single stellar
population.
Figures 1 and 2 show the behaviour across the index-index
diagrams of a combination of two single stellar populations
with solar metallicity: an old SSP of 3Gyr or 10Gyr, and
a superyoung SSP of 6Myr or 10Myr, thus resembling a
two-bursts star formation history. The mass fraction of the
superyoung component varies as 0.01%, 0.1%, 1%, and 10%.
For the standard indices (Fig. 1), superyoung mass frac-
tions below 1% only cause a slight shift of the index-index
measurements, which remain within the area covered by
the model grids. The equivalent mean luminosity-weighted
age and metallicity of this two-bursts star formation history
is therefore sligthly altered (as younger and/or more
metal poor, as expected according to the age-metallicity
degeneracy reflected in the overall shape of the model grid),
but the plots do not reveal the presence of a superyoung
contribution. Indeed, only a mass fraction significantly
larger than 0.1% of a 6Myr-old component produces a shift
of the measurements out of the model grids and towards the
superyoung regime that could be noticeable by inspecting
these standard plots.
Red metallicity-sensitive indices provide more infor-
mation about superyoung contributions than the standard
ones, as shown in Fig. 2. Given the shape of the model grids,
with narrow and almost vertical areas covered by SSPs older
than 300Myr, these indices are not suitable for determin-
ing the mean luminosity-weighted age and metallicity of old
populations. The model grids however widen for very young
populations, particularly younger than 20Myr, for which the
area covered by the model predictions also shifts horizon-
tally and therefore does not overlap with the vertical region
of the > 300Myr populations. Thus, this regime allows not
only to detect very young contributions but also to constrain
the age of the superyoung component by combining different
indices where the shifts are inverted. Note how the tracking
lines for our two-bursts star formation histories with 6Myr
and 10Myr-old superyoung contributions go in opposite di-
rections.
As indicated in Sec. 2, this kind of analysis requires the
mean luminosity-weighted age of the underlying population,
whatever its star formation history is, to be old (particu-
larly older than 3Gyr), so the measurements lie in the bot-
tom part of the index-index diagrams where the trends can
be observed cleanly. Fig. 2 shows how superyoung contribu-
tions as small as 0.1% in mass can cause noticeable shifts
in these diagrams. On the other end, when the superyoung
population represents 10% of the total galaxy mass, it is
overwhelmingly dominant in light and therefore drives the
measurements in both the standard and red regimes (see
how the indices measurements overlap over the 6Myr and
10Myr SSP predictions regardless of the age of the old un-
derlying population in both Fig. 1 and 2).
c© 2002 RAS, MNRAS 000, 1–12
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4 RESULTS: A TRIP FROM THE STANDARD
TO A REDDER SPECTRAL REGIME
4.1 Standard indices agree with the sample
galaxies being quenched and metal poor
Figure 3 shows the standard indices for the 28 low-mass
galaxies of our sample. The panels corresponding to the
[MgFe]′ total metallicity indicator show how all measure-
ments are well constrained within the grid, with ages ranging
from ∼2Gyr and 10Gyr and metallicity between solar and
[M/H] =-0.4. Hβo better breaks the age-metallicity degen-
eracy and provides a more orthogonal model grid than HδF.
However, emission in Hβ is expected to be more prominent
than in Hδ so, for the sake of completeness and even though
we expect little gas in these allegedly quenched galaxies (see
Sec. 2), we show both age-sensitivity indices throughout the
paper. Regarding metallicity, we warn that the tiny fractions
of young populations found in this work may be partially re-
sponsible for the relative differences in metallicity found for
some galaxies between the Hβo and HδF diagrams.
The low-mass galaxies show close to solar [Mg/Fe] abun-
dance ratio, in agreement with the findings of S¸en et al.
(2018) for dwarf elliptical galaxies. Such behaviour is shown
by comparison of ZMgb and ZFe4383 (see Vazdekis et al. 2001,
2010, among others, for a justification of the use of this
proxy), taking into account that the E-MILES models fol-
low the abundance pattern of the Milky Way and there-
fore the behaviour of stars in the solar vicinity needs to be
considered: [M/H] =0.0 and ZMgb =ZFe4383 correspond to
[Mg/Fe] =0.0, whereas [M/H] =-0.4 and ZMgb =ZFe4383 cor-
respond to [Mg/Fe] =0.2-0.3.
Analogously, Fig. 3 shows an enhanced [Ca/Fe] ratio
for the sample galaxies in comparison with the solar value.
This finding was also previously observed and discussed in
S¸en et al. (2018) and it is opposed to what occurs in massive
early-type galaxies (Vazdekis et al. 1997).
4.2 Red indices in the R-, I-bands reveal the
contribution of a <20Myr population
Figure 4 shows what we refer to as red indices, from TiO1
to the Calcium Triplet CaT (see Sec 3). The data points
for the low-mass galaxies, well constrained within the model
grids of the standard indices, spread out and populate for-
bidden regions of the SSP-based diagrams. Such shifts may
be explained by abundance ratios and to a less extent by
the contribution of a small fraction of very young stars of
ages 620Myr. Note that potential contamination by telluric
lines, particularly important for the Fe6189, TiO1, and TiO2
indices (depending on the galaxy redshift), has been pur-
posely assessed and discarded.
After a careful visual exploration of all individual cases
taking into account the overabundance estimates provided
by the standard indices, we have identified eight out of 28
low-mass galaxies for which shifts in all panels are compat-
ible with the presence of a superyoung stellar population.
Those galaxies are highlighted with colours in Fig. 4, as well
as in Fig. 3. It is noticeable that the data points have moved
towards younger parts of the diagram with respect to the
mean luminosity-weighted measurements from the standard
indices, following a tilted path (both vertical and horizontal
movement) towards the regions populated by 620Myr stars.
The indices for which measurements of very young popula-
tions move unequivocally towards the left or right regions of
the diagram are the ones for which the selected eight galax-
ies show a largest departure from the old stellar population
regime of the grid. Such effect can be seen in the Ca6162
(left shift) and Ca2 (right shift) panels; the fact that the
datapoints move in opposite directions for the same element
(Calcium) indicates abundance ratio is not the reason be-
hind the shifts. On the other hand, the indices for which
the shifts for young populations younger and older than
∼10Myr go in opposite directions (left and right inside the
same index-index diagram), such as TiO1 and TiO2, show
a large scatter of the cloud composed of the eight coloured
circles.
Some of the remaining twenty galaxies shift with respect
to their standard properties as well, but not in a consistent
manner between different metallicity-sensitive indices. This
result clearly indicates the importance of combining several
indices in order to distinguish between occasional abundance
effects and contribution of superyoung stars.
To illustrate our findings, we analyse here the behaviour
of the galaxy with MaNGA identification number 1-211098
(yellow data point in Fig. 3 and 4). This object has a
mean luminosity-weighted age ∼3Gyr (or slightly older),
[M/H] ∼0.0, [ZMgb/ZFe4383 ] ∼0.4, and [ZCa4227/ZFe4383 ]>0.4
(as estimated through the proxy presented in Vazdekis et al.
2001, 2010. Note only estimates like these ones are enough
for the purposes of this work). In the TiO1 and TiO2 panels,
the corresponding data point is shifted horizontally (towards
the right), consistent with a contribution from a >8Myr-old
and 630Myr-old population. The panels corresponding to
Fe6189 and Ca2 show that the data point is also shifted to-
wards the right. The Ca2 measurement for this galaxy has
to be taken with caution though, since its extremely large
value is due to residual sky contamination (as seen and dis-
cussed in Fig. 6 and Sec 4.3). This issue has been considered
when analysing this galaxy, as well as the other galaxy with
a high value of Ca2.
Continuing with the analysos of MaNGA 1-211098
(yellow data point), it is located towards the left in the
Ca6162 model grid with respect to the standard expectation
(we remark Calcium is slightly enhanced in this galaxy).
All the previously described movements agree with this
galaxy hosting a significant contribution of 10Myr-old stars.
We remark that an analogous behaviour is obtained
with other red indices from the same species, such as the
remaining lines from the Calcium Triplet. We have selected
here a subset of red indices, carefully chosen to allow distinc-
tion between abundance effects and true contribution from
recent star bursts as well as to avoid telluric lines at the
redshift of the objects.
4.3 Constraining the contribution of the very
young component
An accurate measurement of the fraction and age of the
superyoung population contributing to the eight galaxies
under study is a highly complicated task affected by mod-
elling problems (inverted behaviour of the metallicity in the
superyoung regime, see Sec. 5) and degenerations (e.g., a
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Figure 5. Comparison between the measurements of the red
line-strength indices for the galaxies MaNGA 1-211098 (yellow
lines) and MaNGA 12-49536 (green lines), and for combinations
of solar-metallicity SSPs including a young burst (grey regions).
Indices are organised from the bluest to the reddest central wave-
length (from top to bottom): TiO1, Ca6162, Fe6189, TiO2, and
Ca2. The grey regions delimit the predictions for an old popula-
tion (between 3 and 10Gyr) with a certain fraction (as indicated
in the horizontal axis) of a 6 or 10Myr-old contribution. The
colour vertical and inclined lines account for errors in the index
measurements.
proper modelling of the star formation history of the galaxy
would be needed). Such a detailed analysis is beyond the
scope of this paper, but we aim at showing how some con-
straints can be provided even with the currently available
predictions and data.
Figure 5 shows the ranges of the red metallicity-sensitive
indices that are covered by an old population ranging from
3 to 10Gyr and a young burst that happened either 10 or
6Myr ago. All stars are considered to have solar metallic-
ity. The mass fraction of the superyoung population varies
Figure 6. Sections of the stacked spectrum (pink) for the low-
mass galaxy MaNGA 1-211098 around the red absorption lines
studied in this paper, as indicated in the panels. The region of
the central feature for the corresponding line indices is indicated
with vertical solid lines, while the dashed lines delimit the blue
and red pseudocontinua. The overlapped spectra show a single
stellar population of 3Gyr and [M/H]=0.0 (blue), a single stellar
population of 10Gyr and [M/H]=0.0 (cyan), and a combination
of two SSPs with solar metallicity: a 3Gyr population with a 1%
contribution of 10Myr (dark grey). All spectra have been nor-
malised in the spectral range covered by both pseudocontinua
of each index definition. The observed features are better repro-
duced when a contribution of 10Myr-old stars is taken into ac-
count. Note the sky contamination in the region of the Ca2 line
affecting this galaxy (highlighted with an arrow, see text for de-
tails).
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from 0.01% (when the effect is almost negligible, as already
shown by the tracks plotted on Fig. 2) up to 10%. The fact
that the behaviour of the index differences diverges between
young populations older and younger than 8Myr illustrates
how difficult it would be to determine the exact age of the
superyoung contribution if a composite history instead of a
single burst were considered. The detection of such supery-
oung population is the main focus of this paper.
Figure 5 compares the old SSP + young burst pre-
dictions with the actual measurements for two galaxies
with small contributions from young stellar populations
of different ages. The two galaxies are MaNGA 1-211098
(the yellow data point in Fig. 3 and 4, used as reference in
Sec. 4.2) and MaNGA 12-49536 (identified with the lightest
green colour in Fig. 3 and 4). They both have a mean
luminosity-weighted age around 3Gyr and solar metallicity,
as indicated by the standard indices. Despite the large error
bars affecting the red indices, it is favoured that MaNGA
1-211098 contains a >1% mass fraction of a 10Myr-old pop-
ulation, whereas MaNGA 12-49536 contains a ∼0.2% mass
fraction of a 6Myr-old population. Once again, the necessity
of combining several features for detecting the superyoung
contributions becomes clear with the results shown in Fig. 5.
Figure 6 shows the spectrum of MaNGA 1-211098,
zooming in the spectral ranges covering the red features
of interest. Not only the central feature but also both red
and blue pseudocontinua intervene in the line-strength in-
dex computation. A comparison with a pure SSP of 3Gyr
and solar metallicity (close to the standard measurements)
highlights differences between the galaxy spectrum and the
model predictions in those spectral ranges, either in the fea-
tures themselves or in the pseudocontinua (all spectra have
been normalised in the ranges covered by both pseudocon-
tinua for each index definition). Such differences smooth out
when a 1% contribution of a 10Myr-old population is added
up, as previously discussed for this galaxy. The differences
between all models and data in the spectral range of the
Calcium Triplet are partly due to sky lines that were not
successfully removed during the MaNGA reduction process,
as explained in Sec. 4.2. Such effect has been highlighted
in Fig. 6 and taken into account when analysing the sig-
natures of superyoung populations in the sample galaxies.
Once again we note that providing an exact estimate of the
amount, metallicity, and age of the superyoung contribution
is not possible due to the several uncertainties affecting this
problem, but this analysis rather provides robust evidence of
the presence of such superyoung populations in the sample
low-mass galaxies previously thought to be quenched.
5 DISCUSSION AND SUMMARY
We report on the detection of small fractions of superyoung
stellar populations in the stacked spectra of low-mass galax-
ies (1×109<M/M⊙<5×10
9) thought to be quenched sys-
tems. Among the sample of 28 galaxies under study, eight
out of them have 61% of their mass in 620Myr-old stars.
Such contribution has been revealed by the analysis of line-
strength indices in the red regime: from TiO1 to the Calcium
Triplet or, equivalently, from 5700 A˚ to 8800 A˚. This repre-
sents a shift toward higher wavelenghts than usually studied
in stellar population analyses.
5.1 Sensitivity of red indices to very young stellar
populations and caveats
Our results demonstrate the capability of red absorption
line-strength indices in the range [5700,8800] A˚ to unveil the
presence of superyoung stars in the spectra of external galax-
ies. This procedure is based on the fact that the flux con-
tribution from RSGs increases in that red regime. The red
supergiant phase lasts short times (610% of the lifetime of
a star with mass M630M⊙), and is dominant between 8
and 25Myr after a stellar burst (Conti 1975; Ekstro¨m et al.
2013). As a result, RSGs are responsible for the non lin-
earity of the absorption line-strength indices at young ages,
such effect being more pronounced in the red wavelength
range than in the standard range. In Fig, 6, a comparison
between a solar metallicity, 3Gyr-old stellar population with
and without a 1% mass fraction of a superyoung (10Myr-
old) population is shown. Even within the red [5700,8800]A˚
regime, differences between both spectra in the TiO2 band
are more significant than in the bluer TiO1 index. Further-
more, those two spectra are more different than the 3Gyr-
old SSP with respect to the 10Gyr-old SSP.
Our diagnostics is purely based on the stellar compo-
nent of the galaxy spectra and therefore differs from the
more common practice of studying the ionised emission
lines to detect recent or ongoing star formation. It has
the advantage of being sensitive up to 20Myr-old stars,
whereas emission in Hα is observed only if the bursts are
as recent as 10Myr or less. A different stellar approach for
detecting recent star formation bursts has been used in
e.g. Sa´nchez et al. (2019), Me´ndez-Abreu et al. (2019a) and
Me´ndez-Abreu et al. (2019b). Using full-spectrum-fitting
techniques instead of line-strength indices, they measure
the amount of stellar populations younger than 32Myr
present in a sample of massive early-type galaxies. These
works are however not sensitive to such tiny fractions of
young populations as the ones detected here (Bitsakis et al.
2019).
Some difficulties arise when using the stellar spectra
for studying such little fractions of stars. Deviations of the
index measurements from their standard behaviour in the
optical range can be due to a number of reasons, such as
variations in the abundances of the chemical species and, in
addition, contamination of telluric and sky emission lines.
While this latest effect can be assessed and even prevented
with a careful sample selection, our knowledge of chemical
abundances in galaxies is still limited but it will certainly
improve in the following years thanks to the effort of several
groups. We note however that this difficulty can be partially
overcome by combining several indices from different species
and taking into account the abundant behaviour observed
in the standard range, as done in this work.
We remark again that low-mass galaxies with a rela-
tively old mean luminosity-weighted stellar population are
best suited to perform the kind of study presented in this
paper. This is because a small number of superyoung stars
corresponds to a more significant fraction of the low mass
of a dwarf than of the mass of a giant galaxy. Moreover, the
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effect of a superyoung population will contrast the most
against an old underlying population placed at the bottom
regions of the index-index diagrams. However, this very
same reason may be behind some of the dispersion observed
in the index-index measurements. After the accumulation
of gas that causes the star forming bursts detected in
this paper, with a high relative impact in such low-mass
systems, the gas gets heated and further star formation
is therefore prevented. The recent star formation process
in these systems is thus expected to be bursty. On the
contrary, the same effect in a massive galaxy would be
mild and more generations of stellar populations would be
born, thus providing a smoother star formation history
(Di Cintio et al. 2014).
While the detection of the recent starbursts has been
unequivocally assessed in the present study, a quanti-
tative analysis providing the exact mass fraction, age,
and metallicity of the superyoung component is a very
complicated goal, hampered by: i) old-known modelling
problems in the superyoung regime that prevent the use
of specific parameters from the SSPs (Langer & Maeder
1995). We particularly refer to Asa’d et al. (2017) for more
information on how the inverted trend in the modelling
of blue/red supergiants with respect to observations does
not affect our conclusions on the existence of a superyoung
population, but only prevents an accurate determination
of its metallicity; ii) large error bars associated to the
measurement of line-strength indices in the red regime; and
iii) the usual uncertainties affecting the fitting of multiple
stellar populations, since not only the young component but
also the underlying old population needs to be accurately
modelled. We have shown that the best possible results are
reachable when, again, a combination of different species
is considered. In particular, we have made used of TiO1,
Ca6162, Fe6189, TiO2, and Ca2.
As a main conclusion, we remark the potential of the
scarcely-studied red regime for stellar population studies.
More work is needed to better understand the effect of stel-
lar evolution in such wavelength range and to improve the
analysis presented here in this young age range, so it can be
extended to more massive galaxies providing more quanti-
tative results. Having observational data with higher SNR,
for which the red indices can be measured with a higher
accuracy and the underlying old population can be better
assessed, would certainly benefit this kind of analysis and
would allow a more precise determination of the age and
mass fraction of the superyoung population.
5.2 Implications for the evolution of low-mass
galaxies
During the last 20 years, the research about dwarf galaxies
in the local Universe has revolved around the idea that they
are mostly quenched systems where the environment might
have played an important role at halting their star forma-
tion, many dwarfs belonging to high-density regions such as
groups or clusters (see Held & Mould 1994; Michielsen et al.
2008; Sybilska et al. 2018, and the remaining references in
Sec. 1). Such quenched nature is not opposed to the va-
riety of mean luminosity-weighted age measurements ob-
tained for these systems, ranging from 1 to 10Gyr (e.g.
S¸en et al. 2018; Sybilska et al. 2017). Some dwarf ellipticals
have indeed been found to host a relatively young population
(65Gyr-old) over an underlying old system, thus resulting
in a not so old mean age. However, and as expected for
quenched objects, they do not show signs of very recent star
formation.
Our sample galaxies had been purposely selected to in-
clude only quenched systems (Penny et al. 2016). Moreover,
they all lie close to a bright, more massive neighbour with
M>5×1010M⊙ and thus Penny et al. (2016) pointed out in-
teractions are most likely the cause of their quenching. The
fact that we detect little percentages of stars formed less
than 20Myr ago in eight of our galaxies indicates notwith-
standing that there is some gas present in them.
Rys´ et al. (2015) studied the star formation histories
of a sample of 12 dwarf ellipticals in the Virgo cluster and
in the field. They concluded that some dwarf ellipticals
have gone through an environmental harassment process
that is able to quench star formation but does not fully
remove the gas. The gas reservoir is kept in the galaxies
until more recent tidal interactions drive it to the central
galaxy regions, where it accumulates and may form stars
again. Interestingly, Salvador-Rusin˜ol et al. (2020), who
also detect 61% mass fractions of young populations but in
massive galaxies instead of in dwarfs, suggested that the gas
responsible for recent starbursts may come from late stages
of stellar evolution happening inside the galaxies. Such
scenarios, that picture an internal origin for the gas, are in
agreement with our findings for the eight dwarf galaxies
with superyoung stellar populations. Note however that a
late accretion of external gas is also a plausible scenario.
This possibility would allow for a very efficient gas stripping
during the quenching phase of the galaxies (Lin & Faber
1983). In an attempt to shed some light over this cir-
cumstance, we have looked for trends between our sample
galaxies and the properties of their massive neighbours
(mass, brightness, and distance), finding no particular re-
lations with the individuals showing a superyoung starburst.
Given the fact that we have stacked the integral-field
spectra of each galaxy in order to increase the signal-to-
noise ratio, we cannot constrain where in the galaxy the
recent star formation is taking place. Attending to the afore-
mentioned scenario proposed by Rys´ et al. (2015), star for-
mation would be triggered again in the galaxy centre. This
is in agreement with the results from Koleva et al. (2009),
who found that the youngest stellar populations in dwarfs
lay more concentrated than the oldest stars. More recently,
Zhou et al. (2020) found the opposite result: stars in the
outer regions of dwarfs are younger than those in the cen-
tre. Note that, although Zhou et al. (2020) also withdrew
their sample from the MaNGA survey as we do, they work
with lower mass individuals with M<109M⊙. It is also plau-
sible that more than one mechanism are triggering new star
formation in this kind of galaxies and that the main driver
depends on properties such as mass, thus explaining the dif-
ferences found between Koleva et al. (2009) and Zhou et al.
(2020).
We have explored the location of the stacked spaxels in
our low-mass targets (driven by an accurate data reduction
and stellar kinematics analysis, as explained in Sec. 2), find-
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ing that they cover the galaxy homogeneously for four indi-
viduals whereas they are mostly placed in the outer regions
of the remaining four. We remind that we normalised the
spectra before stacking and therefore the external parts con-
tribute more than the central galaxy regions in each final sin-
gle spectrum. This could support the result from Zhou et al.
(2020) and the fact that the gas has an external origin, al-
though we remark that we cannot fully discard the reservoir
scenario from Rys´ et al. (2015) since star formation may as
well being happening in the centre of our galaxies.
Penny et al. (2018) discovered hints of ionised gas in
14 out of 69 quenched low-mass galaxies from the MaNGA
survey, none of them in common with our set of galaxies
with a superyoung burst. For five of their galaxies, there
is a kinematical misalignment between the gaseous and
stellar components, suggestive of a recent accretion of the
gas that it is notwithstanding homogeneously distributed
across the galaxies. We have furthermore explored the flux
of Hα in emission as provided by the MaNGA data analysis
pipeline (Westfall et al. 2019) for the same spaxels used
in our stacking, looking for even very slight Hα content
in our galaxies with superyoung bursts in comparison
with the rest of the sample. We find no trend at all (as a
reference, Table 1 shows the median and standard deviation
of Hα emission flux in the spaxels used in the analysis
for the whole sample). The picture is therefore not clear
yet. A proper analysis of the star formation histories and
environment of our low-mass galaxies is required to provide
a robust answer in this regard. In any case, the absence of
Hα emission in our superyoung low-mass galaxies supports
the need for an alternative analysis like the one presented in
this paper in order to detect such low level of star formation.
Finally, we would like to emphasise that our ap-
proach of considering two SSP for constraining the youngest
stellar contribution is based on previous works (see e.g.
Koleva et al. 2009; Rys´ et al. 2015). The bulk (more than
99% in mass) of the stellar populations in our low-mass
galaxies is very old, with mean luminosity-weighted ages
>2Gyr. While the detailed star formation histories of the
galaxies more than 2Gyr ago are most likely complicated
and different among individuals (extended or composed of
several bursts; Rys´ et al. 2015), their representation with a
single stellar population serves well our purposes of qualita-
tively identifying a superyoung starburst.
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